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Abstract  
The routing problems studied here arise in ISO container distribution and collecting processes, in regions which are oriented to 
container sea ports or inland terminals. Containers of different sizes, but mostly 20ft, and 40ft empty and/or loaded should be 
delivered to, or collected from the customers. Therefore, the problem studied here is closely related to the vehicle routing 
problem with backhauls (VRPB) that finds an optimal set of orders (or routes) visiting deliveries (linehauls) and pickups 
(backhauls). The specificity of the routing problem analyzed here lies in the fact that a truck may simultaneously carry one 40ft, 
or two 20ft containers, using an appropriate trailer type. This means that in one route two, three or four nodes, can be visited, 
which is equivalent to the problem of matching pickup and delivery nodes in single routes which provide a total travel distance 
shorter than in the case when nodes are visited separately. In this paper we formulate the problem of matching customer nodes in 
the container distribution and collecting processes as multiple matching IP, and for the problems of larger sizes we propose a 
heuristic approach based on matching utilities. The both of proposed approaches are tested on numerical examples. 
Keywords: containers drayage; pickup delivery; vehicle routing problems 
1. Introduction 
Typical decisions in many distribution systems are related to solving vehicle routing problems (VRP), where it is 
necessary to design a set of optimal routes for fleet of vehicles in order to serve the given set of network nodes. 
Different types of routing problems have drawn enormous interests from many researchers during the last 50 years 
because of its vital role in the planning of logistics in many areas. 
The routing problem studied here is typical for the intermodal transportation systems where containers are 
distributed by trucks to customers located in the area oriented to a container sea port or an inland container terminal. 
In the intermodal transportation (Fig. 1a) the major part of the cargo’s journey is performed by rail, inland waterway 
or sea, while the initial and/or final legs, distribution and collection of containers, are typically carried out by road 
(for more details about intermodal transportation systems see Crainic and Kim, 2007). Thus, a truck should deliver a 
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loaded container that has arrived at a terminal (import i.e. inbound container) to a consignee, and to pickup and haul 
back the loaded container from consignor to the terminal (export i.e. outbound container). In the case when a part of 
a container terminal serves as an empty containers’ depot, in addition to pickup – delivery operations with loaded 
containers, the empty containers also need to be delivered to a shipper for loading and hauled back empty to the 
terminal after unloading goods at the consignee site. In addition, when the time of subsequent shipment and the 
suitability of an empty container at the consignee site, in terms of type size and ownership, are satisfied, it is also 
possible to move the empty containers directly to a shipper instead of hauling them back to the terminal’s depot and 
having them transferred latter. From there, when considering container transportation within a local region oriented 
to an intermodal terminal that includes empty containers’ depot, few possible types of container moves, also known 
as drayage operations (Macharis and Bontekoning, 2004), can be recognized (Fig. 1b).  
 
 
Figure 1 Intermodal transportation system (1a) and possible types of container moves in container truck transportation (1b) 
Drayage operations are driven by the need to fulfill customer demands while satisfying various constraints 
imposed by the technology and customers’ requirements. Drayage includes regional movements of loaded and 
empty equipment (trailers and containers) by tractors between terminals, shippers, consignees, and equipment yards. 
In general, drayage operations involve not only the provision of containers but also empty trailers (Macharis and 
Bontekoning, 2004), while in this research only the problem of containers pickup and delivery is considered.  
Most intermodal containers are sized according to International Standards Organization (ISO). Based on ISO, 
containers are classified in several groups (10ft, 20ft, 30ft, 40ft, 45ft and since recently 48ft and 53ft), where 20ft 
and 40ft containers are the most frequently used all over the world. An important issue in containers pickup and 
delivery is coordination of the dimensions of road transport vehicles with the dimensions of intermodal containers. 
In Europe, except Finland and Sweden, and Asia, road vehicles are restricted to transport only 20ft and 40ft 
containers, only few countries allow 45ft containers, while larger containers are in use only in the USA and Canada 
(Nagl, 2007). In conjunction with the length, the weight of container is also very important. Most countries allow 
transport of one fully loaded 20ft or 40ft container, but although transport of two 20ft containers would be possible 
regarding length, the weight is an obstacle. In most countries transport of two loaded 20ft containers by a standard 
vehicle is not permitted, except in the case when the weight limitation of 26 tons is not exceeded. In the USA, 
Australia, Canada, Finland and Sweden the vehicles in use are the ones that offer the possibility of transporting two 
fully loaded 20ft containers, while the EU has set up regulations which permit certain types of vehicles called 
“modular concept vehicles”, offering the possibility of transporting two fully loaded 20ft containers using special 
combined chassis. In turn, the use of those technical solutions provides different opportunities for improving the 
efficiency of container transportation by merging different pickup and delivery operations in a single route. 
Drayage operations and especially container truck transportation account for a significant portion of the total 
transportation cost. Therefore, it is very important to improve the efficiency of container transportation through the 
optimization of such transportation processes, which leads to necessity of solving the truck scheduling problem in 
container drayage operation (Zhang et al. 2010).  
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Optimization of container drayage operation has received increased attention over the past decade due to its 
importance in intermodal freight transportation. Jula et al. (2005) formulated the problem of container movement 
with time windows at origins and destinations as asymmetric multiple traveling salesman problem and proposed 
three solving approaches. Coslovich et al. (2006) investigated a container drayage operation with the present and 
future operating costs minimized. Imai et al. (2007) formulated a container drayage problem as a pickup and 
delivery and proposed Lagrangian relaxation to solve the problem. Chung et al. (2007) built several mathematical 
models of container truck transportation. They formulate the basic problem where every vehicle can transport 
exactly one container at a time, and the multi-commodity problem with a combined chassis used in transporting two 
20ft containers or one 40ft container. To solve the problem a solution algorithm based on the Insertion Heuristic was 
proposed. Namboothiri and Erera (2008) studied the management of a fleet of trucks providing container pickup and 
delivery service (drayage) to a port with an appointment-based access control system. Zhang et al. (2010), 
considered a truck scheduling problem for container transportation in a local area with multiple depots and multiple 
terminals. They proposed an approach based on an integer programming heuristic determines pickup and delivery 
sequences for daily drayage operations with minimum transportation cost. Savelsbergh and Sol (1995) show that 
container transportation problems belong to pickup and delivery problems, and because of the nature of the problem, 
drayage operations also corresponds to multi-stop Vehicle Routing Problems with Backhauls (VRPB). A more 
detailed insight in VRPB, as well as in Vehicle Routing Problems with Pickup and Delivery (VRPPD), can be found 
in recent comprehensive overview given by Parragh et al. (2008a, 2008b). 
The purpose of this paper is to propose methods for the optimal trucks’ routing in containers drayage operations. 
We consider both, empty and loaded containers’ moves in case when combined chassis for transporting two 20ft 
containers or one 40ft container are used. However, in this research direct moves of empty containers from a 
consignee’s to a shipper’s, as relatively rare tasks are not considered. In the container drayage operations realized by 
combined chassis vehicles, VRPB refers to the problem where up to four nodes can be visited in a single route 
starting and ending in container terminal or depot which is assumed here to be part of the terminal. Therefore, the 
main objective of this paper is to formulate that drayage problem as a multiple matching problem. Also, our 
objective is to propose heuristics that can be used in solving the problems of practical size. This is of a particular 
importance since Imai et al. (2007) show that even the simpler version of the problem, when vehicle transports 
exactly one container at a time, is NP hard.  
In this way our research extends the problem analyzed by Zhang et al. (2010) to the multi-commodity case, but 
for the case when only one intermodal terminal operates in the region. Also, our research extends the problem 
analyzed by Imai et al. (2007), to the multi-commodity case. Besides respecting the multi-commodity, this paper 
also differs in the overall objective which is to find optimal matching possibilities of nodes that should be merged in 
the same route forming backhaul loop. Therefore, although this research considers daily container drayage 
operations, the problem formulation and proposed heuristics differ from previous approaches. From there, the 
contribution of this paper is in the problem formulation where containers’ drayage is formulated as a multiple 
matching problem, and in heuristics approach proposed that can be used to solve large size container drayage 
problems.  
The remainder of this paper is organized as follows. Section 2 presents the problem formulation based on 
multiple matching approach. Proposed heuristic solving approach is described in Section 3. Section 4 presents 
computational results, and Section 5 gives some concluding remarks. 
2. Problem formulation 
The problem of distributing – collecting ISO containers (20ft, and 40ft), studied here, is described as a variant of 
VRPB in which a truck visits up to four nodes until return to terminal. Loaded containers arrived in terminal (import 
i.e. inbound containers), or empty containers from the terminal depot should be delivered to customers, and loaded 
(export i.e. outbound containers), as well as empty containers should be picked up at a customers’ sites and hauled 
back to the terminal. Therefore, when truck tow combined chassis matchings possibilities include all feasible 
combinations of 20ft, and 40ft containers that should be transported from/to terminal and customers (Figure2). 
Obviously, as it can be seen from the Figure 2, there are several possible matchings and it is worthwhile to choose 
those resulting in minimal route length. 
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Figure 2 Some of matching possibilities when drayage operations are realized by combined chassis  
Let  E,NG  be a graph, where N is the set of nodes Ni  with containers move requests, and 
^ `Nj,i,ji|)j,i(E z is the edge set. It is assumed that any node may simultaneously have both, containers 
demand and supply move requests. Number of requests in all nodes  4040i
20
i
20
i i
n,n,n,n  which correspond to 20ft 
containers demand (20-) and supply (20+), and 40ft containers demand (40-) and supply (40+) are known in 
advance. All containers are available at the beginning of the planning horizon (usually one day), and all vehicles 
start from the terminal. The assumption that node may simultaneously have demand and supply move requests, 
gives opportunity of transforming graph into the another, in which each node Ni  is replaced with 
  4040i20i20ii innnnn  task nodes. In this way all task nodes of the transformed graph, whose indexes are 
renumerated, have single move requests, either pickup or delivery (20ft, or 40ft containers). 
The set of all task nodes with renumerated indexes, can be now partitioned into four 
subsets,  40402020 NandN,N,N . Sets N20-, and N40- contain only delivery, while sets N20+, and N40+ include only 
pickup nodes with 20ft, and 40ft containers respectively. In this network, when using a combined chassis, there are 
fourteen possible matchings of task nodes into merged routes, and four direct pickup or delivery routes: 
Four nodes matchings:  
x Terminal → -20 → -20 → +20 → +20 →Terminal 
x Terminal → -20 → +20 → -20 → +20 →Terminal 
Three nodes matchings: 
x Terminal → -20 → -20 → +20 →Terminal 
x Terminal → -20 → +20 → +20 →Terminal 
x Terminal → +20 → -20 → +20 →Terminal 
x Terminal → -20 → -20 → +40 →Terminal 
x Terminal → -40 → +20 → +20 →Terminal 
Two nodes matchings: 
x Terminal → -40 → +40 →Terminal 
x Terminal → -20  → +40 →Terminal 
x Terminal → -40  → +20 →Terminal 
x Terminal → -20 → +20 →Terminal 
x Terminal → +20 → -20 →Terminal 
x Terminal → +20 → +20 →Terminal 
x Terminal → -20 → -20 →Terminal 
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Direct pickup or delivery routes: 
x Terminal → +20 →Terminal 
x Terminal → -20 →Terminal 
x Terminal → +40 →Terminal 
x Terminal → -40 →Terminal 
Then, the container drayage problem, when combined chassis is used, can be formulated as the following 
problem of matchings nodes in the same route which forms backhaul loop. 
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Where  
p,q,w,e indexes of customer nodes with 20ft containers supply or demand (p,qN20-, w,eN20+) 
z,t indexes of customer nodes with 40ft containers supply or demand (tN40-, zN20+) 
N20- set of 20ft containers delivery nodes  
N20+ set of 20ft containers pickup nodes  
N40- set of 40ft containers delivery nodes  
N40+ set of 40ft containers pickup nodes  
cpqwe, cpqw, cpq, cp costs of visiting nodes in a single route, including costs from/to terminal (0) (number of indexes 
denote number of nodes merged in the same route), cpqwe= c0p+cpq+cqw+cwe+ce0 
Objective function (1) tries to minimize total transportation costs of all routes that are used for serving all of 
supply/demand nodes by solving the set of nodes matching problems. Terms 1 - 2 of the objective function (1) 
define all allowable four, terms 3 – 7 three and terms 8 – 12 all allowable two nodes matchings. Terms 13 – 16 
define direct pickup and delivery routes, visiting only one node. Sets of constraint (2) – (5) prohibit multiple visits 
of the same node, and provide that each node must be visited exactly once, either in a route visiting four, three, two 
or one customer node. Constraints (6) to (9) define binary nature of variables. 
3. Heuristics approach 
Imai et al. (2007) have shown that even the simpler version of the container drayage problem - routing problem 
with full container load (VRPFC) is NP-hard. That problem in our notation corresponds to the combination of two 
nodes matching and direct routes realization, and therefore it can be concluded that the container drayage problem 
considered here is also NP-hard, since one of its parts is NP-hard. This conclusion introduces the need to develop a 
heuristics which can be used when solving container drayage problems of larger size. 
Our idea in heuristics development is based on calculation utilities of nodes matching. Let R be the set of nodes 
rR, where the cardinality of the set R depends on the number of nodes merged in the same route 2 d |R| d 4. Then 
to estimate effect of merging nodes rR in the same route, we propose calculation of the nodes matching utility UrR 
by using following expression given in general form:  
 
M
Rr
D
Rr
Rr L
LU


 D  (10) 
 
Where: 
D
RrL   Total length of all routes, when nodes rR are visited separately in direct routes. For the case 
when ^ `d,c,b,aR  , lenght D RrL  = 2l0a + 2l0b + 2l0c + 2l0d, where l0a, l0b, l0c and l0d are distances 
between the terminal 0, and nodes a,b,c,d respectively. 
M
RrL   Total length of a single route that visits all nodes rR. For the case when ^ `d,c,b,aR  , length 
M
RrL  = l0a + lab + lbc + lcd + l0d, where lab, lbc and lcd are distances between nodes a-b, b-c and c-d 
respectively 
D Combined chassis utilization coefficient D={0.25, 0.5, 0.75, 1}, defined as a percentage of total 
number of four 20ft containers are loaded in the route defined by the certain matching (40ft 
containers are considered as two 20ft containers)  
Proposed utility is inspired by the famous Clark – Wrights “savings concept”, but instead of using absolute 
difference between total length D RrL   of all routes, when nodes are visited separately, and the length 
M
RrL   of single 
route that visits all nodes, we propose using its ratio, for which it is found that offers much better results for the case 
of solving matching problem. Also, to make difference between routes with different chassis utilization, and make 
more preferable those where utilization is higher, in calculation of the nodes matching utility we propose use of  
chassis utilization coefficient D. 
Heuristic approach proposed here is based on the realization of following steps:  
i) Calculate utilities for all possible matchings by applying Eq.10 for the cases when two, three and four 
task nodes are matched in the single route. 
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ii) List utilities in decreasing order.  
iii) Sequence of task nodes with the largest utility assign to the route.  
iv) Update the list by elimination of nodes still assigned to the routes 
v) If there are task nodes sequences still unassigned to routes continue with iii), otherwise goto vi)  
vi) All single task nodes assign to the direct routes and end the algorithm 
4. Computational results 
Testing the quality of proposed approaches to solving the container drayage problem when combined chassis is 
used has been carried out on the seven sets of numerical examples, each comprising 10 problem instances. Also, 
results of the one numerical example of smaller size are shown as an illustration in the Figure 3. All problem 
instances are randomly generated through the VB application using the parameters given in the Table 1.  
 
 
Figure 3 Illustrative numerical example and solutions obtained by application both of proposed approaches  
Table 1. Parameters in generation of the problem instances 
Parameter Sets of problem instances (each set has 10 problem instances) 
 1 2 3 4 5 6 7 
Number of network nodes 4 5 5 8 9 9 9 
Containers moves requests in the node U(8,9) U(1,3) U(5,7) U(3,5) U(1,3) U(5,7) U(5,9) 
Proportion of pickup and delivery tasks Probability of the pickup task = 0.5 
Proportion of 20ft, and 40ft containers Probability of 20ft container move request = 0.7 
Distances between network nodes U ( 5, 50 ) 
 
Our idea was in performing preliminary tests of proposed approaches. Therefore, the first five sets of problem 
instances have been chosen as small enough to be solved optimally, and those results were benchmark for the 
solutions obtained by proposed heuristic approach. Averaged results for the problem instances in sets 1 – 5 are 
shown in the Table 2, and results for the problem instances in sets 6 and 7, solved only by heuristics are shown in 
the Table 3.  Table 4 shows results for all instances in the set 4, solved optimally and by heuristic approach.  
Sets of problem instances 6 and 7 were generated with the idea of representing drayage problem of realistic size. 
Namely, Wang and Regan (2002) stated that typical sub-fleet of trucks consists of less than 20 trucks and is able to 
handle at most 75 containers a day. Our randomly generated problem instances in sets 6, and 7, which are solved 
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only by proposed heuristics, had between 58 and 76 move requests, with the average of 63 containers in the problem 
set 6, and 73 containers in the problem set 7.  
Table 2. Results for the first five sets of 10 problem instances each, solved optimally and by heuristics approach 
Set of 
problem 
instances 
Number of 
network 
nodes 
Average 
number of 
move 
requests 
per 
problem 
instance 
Optimal solution Heuristic solution 
Average relative 
error of 
heuristics 
solution 
 ( %) 
Total 
length of 
routes 
Average 
computing 
time per 
problem 
instance 
(sec) 
Total 
length of 
routes 
Average 
computing 
time per 
problem 
instance 
(sec) 
1 4 34 6668.18 193.3136 6722.66 1.3262 3.94 
2 5 10 2528.71 4.1488 2744.44 0.0525 8.53 
3 5 30 6751.52 62.6811 7070.06 1.8321 4.72 
4 8 32 6668.18 85.7375 7038.39 2.0309 5.56 
5 9 18 3948.82 1.2192 4241.20 0.2401 7.40 
Table 3.  Results for the sets 6, and 7 of 10 problem instances each, solved by heuristics approach 
Set of 
problem 
instances 
Number of 
network 
nodes 
Average 
number of 
move 
requests 
per 
problem 
instance 
Heuristic solution 
Total 
length of 
routes 
Average 
computing 
time per 
problem 
instance 
(sec) 
6 9 63 12883.18 52.5631 
7 9 73 15169.87 94.8614 
Table 4.  Results for the 10 problem instances from the set 4 with 8 nodes, solved optimally and by heuristics approach 
Problem 
instance 
Number of 
move 
requests 
Optimal solution Heuristic solution 
Relative error of 
heuristics 
solution 
 ( %) 
Total 
length of 
routes 
Computing 
time (sec) 
Total 
length of 
routes 
Computing 
time (sec) 
1 31 764.14 42.7337 776.18 2.1670 1.58 
2 34 489.23 271.8140 521.13 0.8255 6.52 
3 27 546.74 31.4158 565.4 0.8818 3.41 
4 34 837.83 91.8848 896.66 4.0150 7.02 
5 32 596.99 190.2684 641.10 2.9456 7.39 
6 32 763.77 3.6535 819.79 0.6191 7.33 
7 33 557.92 316.3516 616.91 2.1576 10.57 
8 33 449.69 84.6579 455.35 1.2852 1.26 
9 32 964.20 8.0810 1017.86 3.7899 5.56 
10 36 697.67 6.6951 728.41 1.6229 4.41 
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Mathematical model (1) – (9) was implemented through the CPLEX 12.2. on ASUS laptop with DualCore Turion 
2.66 GHz. All input data needed for model implementation were prepared through the VB application. Proposed 
heuristics is also implemented through the VB application. Maximal error heuristic solution has been found in our 
numerical experiments was cca 20%. It should be noted that the computational times of finding optimal solutions are 
pretty long not primarily because of solving IP program through the CPLEX, but mostly because of long IP problem 
preparation time, which is usually approx. ten times longer then the problem solving process itself.  
5. Concluding remarks 
This paper propose methods for the optimal trucks’ routing in containers drayage operations. We consider both, 
empty and loaded containers’ moves in case when combined chassis for transporting two 20ft containers or one 40ft 
container are used. To solve the problem containers’ drayage is formulated as a multiple matching problem, and also 
the heuristics approach proposed as an opportunity of solving larger size container drayage problems. Preliminary 
testing of the proposed approaches show that are very promising, but more detailed analysis is left for the further 
phases. However, even in this phase there are several interesting directions for the  future  research. Developing 
adequate software support, more detailed analysis of proposed approaches performances and possible adjustments 
are without any doubt directions for the very near future, but improving algorithms with real life constraints (time 
windows, nonhomogenous fleet of vehicles,…) should be important issue for the future. Also, metaheuristics 
application is also considered as an important direction of future research. 
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